A goal of memory research is to understand how changing the weight of specific synapses in neural circuits in the brain leads to an appropriate learned behavioral response. Finding the relevant synapses should allow investigators to probe the underlying physiological and molecular operations that encode memories and permit their retrieval. In this review I discuss recent work in Drosophila that implicates specific subsets of dopaminergic (DA) neurons in aversive reinforcement and appetitive motivation. The zonal architecture of these DA neurons is likely to reveal the functional organization of aversive and appetitive memory in the mushroom bodies. Combinations of fly DA neurons might code negative and positive value, consistent with a motivational systems role as proposed in mammals.
Introduction
The neuromodulator dopamine has been ascribed many important roles in the vertebrate and invertebrate nervous system. In mammals these functions include motor control, reinforcement, motivation, memory, arousal and attention [1] [2] [3] [4] . A dysfunctional DA system has been linked to a number of neurological and psychiatric disorders including Parkinson's disease, schizophrenia, depression, drug addiction and attention deficit disorder [3] [4] [5] . The organization of the mammalian DA system is extraordinarily complex, with neurons clustered into nine major nuclei and projecting broadly throughout the brain [6] . Evidence suggests that DA neurons from at least two of these clusters in the ventral tegmental area (VTA) and substantia nigra process information from rewarding stimuli and distribute this information to areas of the brain involved in motivation and goaldirected behavior. In the mouse there are approximately 20-30 000 DA neurons that innervate the striatum, limbic and cortical areas, and each brain structure receives a mixture of projections from both the VTA and substantia nigra. It is therefore apparent that these major brain regions are innervated by a large and heterogeneous population of DA neurons. This complexity represents a considerable barrier to understanding how the dopamine system precisely influences nervous system function.
Perhaps surprisingly, dopamine has also been implicated in the control of movement [7] [8] [9] , reinforcement [10], motivation [11] , memory [10, 12, 13] , arousal [14] [15] [16] [17] [18] and stimulus saliency [19] in the fruit fly Drosophila melanogaster. However, in the Drosophila brain these processes are orchestrated by a total of only 600 DA neurons whose cell bodies are organized into fifteen clusters [20, 21] . This relative simplicity provides an obvious advantage for understanding the functional organization of a complete DA system. In addition, sophisticated genetic manipulation in Drosophila allows one to interrogate the molecular and cellular properties of the DA system with spatial and temporal precision. Taking advantage of this genetic arsenal (see Table S1 in the supplementary material online), investigators have recently described the anatomy of parts of the DA system in the fly at single-cell resolution [22, 23] and have functionally dissected the role of subpopulations of DA neurons in locomotion [9, 24] , reinforcement [11, [23] [24] [25] (Glossary) and motivation [11] ; in some cases to the level of a single morphological type of DA neuron [9, 11, 25] . This analysis has indicated that distinct fly DA neurons may influence these neural processes by innervating discrete anatomical zones.
The ability to identify and genetically label small groups or even single DA neurons that execute particular tasks in the fly would allow one to determine their underlying physiological operations. Precise and reproducible cell-specific expression permits live-imaging of genetically encoded reporters of neural activity and aids placement of pipettes for direct electrophysiological recording. Pioneering studies of appetitive conditioning in monkeys, pairing auditory or visual cues with fruit juice or a small piece of apple, have established a popular model for midbrain DA neurons in
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Glossary
Action selection: often referred to as choosing 'what to do next'. The task of selecting between a number of behavioral actions to best achieve a goal. Appetitive memory: a memory whose expression involves approach behavior. In the fly experiments discussed here, this involves training flies by pairing one odorant with sucrose reward and another with nothing. When subsequently given the choice between the two odorants in a T-maze, the flies preferentially approach the previously sugar-paired odorant. Appetitive learning and memory performance is facilitated by hunger and suppressed by satiety and is therefore considered to be a goal-directed action. Aversive memory: a memory whose expression involves avoidance behavior. In the fly experiments discussed here this involves training flies by pairing one odorant with electric shock and another with nothing. When subsequently given the choice between the two odorants in a T-maze the flies preferentially avoid the previously shock-paired odorant. A new automated version of the assay also allows trial-and-error learning where single flies sample two odor streams and learn to avoid the odor stream triggering punishment. Phasic dopamine release: transient release of dopamine evoked by neural activity in DA neurons. Prediction error: the difference between the value of the actual reward (or punishment) experienced and the expected reward (or punishment). Reinforcement: depending on the context, reinforcement is either a rewarding or aversive stimulus or the neural representation of the reinforcing stimulus. Reinforcement learning: how artificial or neural systems learn by trial-anderror to maximize rewards and minimize punishments. 
